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(54) Title: METHOD FOR MODIFYING GENETIC CHARACTERISTICS OF AN ORGANISM 

^ (54) HaiaaHHC Hio6pereHK«: CHOCOB H3MEHEHH* TEHETHHECKHX CBOflCTB OPrAHH3MA 

(57) Abstract: Tbc invention relates to the field of molecular biology, molecular genetics, and biotechnology and can be used 
for puiposes of genotherapy as well as in agriculture, industrial biotechnology for-gene specific silencing of genes whose 
expression promotes the development of different diseases and infringes upon a process for producing a required product. The 
(S invention proposes a method for modifying the genetic characteristics of organisms by means of RNA interference resulting in 
ihe gene-specific silencing of the selected gene with the aid of RNA molecules. The molecules arc synthesised in vitro using the 
RNA molecules which are complementary in a parallel direction with (pcRNA) raRNA of the selected gene which arc 
® synthesised in vivo or in vitro on an artificial sequences of DNA which possesses a mirror-symmetrical sequence of nucleotides 
Q in respect to the sequence of the gene nucleotides. The invention provides a general approach to the modification of the genetic 
J> characteristics of an organism based on the biological characteristics of mirror-inverses of the nucleotide sequences being 
^ achieved through RNA-interferencc which brings about gene -specific silencing. 
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(57) Pe$epiT: M306pCTCHHe 0TH0CHTC8 K o6JiaCTH MOJieKyJWpHOH 6HOJ10rHH, MOJieKy/lflpHOH 

reneTHKe h 6HOTexuoJiorHH h mokct 6brn> HcnoJiKjOBaHO jwa ueneH reHOTepanHH b 
Me^oHUHHC, a TaioKe b ceJibCKOM xoasKCTBe h b npoMUUiiieHHOH 6HOTexHOJiorHH jxnn rtn- 
cneuH<t>HHecKoro caiiJiCHCHHra Tex reHOB, 3KcnpeccHH KOTopux cnoco6crByeT pa3BHTHK) 
Tex hjih HHfcix 3a6oneBaHHH hjim HapyuiaeT npouecc Hapa6oncH Heo6xoaHMoro npo/ryicra. 

npejonoaceH cnoco6 H3MeHeraw reHeTHHecKHx cbohctb opraHH3MOB nyreM PHK- 
HHTep(J)epeHUHH, npHBOAHmeH k reH-cneim(J)HHecKOMy caHJjeHCHHry Bbi6paHHoro reHa c 
noMombK) MOJieKyn PHK, cHHTe3HpoBaHHux in vitro, npH 3tom HcnoJib3yioT MOJieicyjibi 
PHK, KOMnjieMemrapHide b napajuiejimoM HanpaBJienHH (nKpHK) mPHK Bu6paHHoro 
reHa, KOTopue CHHTC3HpyTOT in vivo hah in vitro Ha HCKyccrBeHHOH nocnenoBaTejibHOCTH 
jjHK, HMeiomeH 3epKajibHO-CHMMeTpHHHyio noc/ieflOBaTejibHOCTb HyxjieoTHflOB no 
OTHOUJeHHio k nocnejjOBaTeJibHOCTH HyKJieoTaaoB reHa. 

H3o6pereHHeM npeiuioaceH o6hihh iiojixoa k H3MeHeHHK> reHCTHHecKHx cbohctb 
opraHH3Ma, ocHOBaHHbiH Ha 6HonorKHecKHX cbohctb ax 3epKajibHbix HHBepcHH 
HyioieoTaaHbix nocjicaoBaTejibHocreH h peannsyioiuHHCfl b PHK-HHTep^epeHtWH, 
npHBOJwmeH k reH-cneiw4>HHecKOMy caiLneHCHHry. 
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CllOC06 H3M6H6HHH reHCTHHeCKHX CBOHCTB opramnivia 



06jiaCTb TGXHMKH 

M3o6peTeHHe othochtca k o6iiacTH MoneicynapHOH ohojiothh, MOJieicyjiHpHOH 
5 reHeTHKe h 6HOTexHonorHH h mohcct 6brrb Hcnojit30BaHO an* uejien reHOTepanHH b 
MenHtiHHe, a TaiOKe b cejibCKOM xo3flHCTBe h b npoMbiuiJieHHOH 6HOTexHOJiorHH jxna reH- 
cneuH<})HHecKoro caHJieHCHHra Tex reHOB, iKcnpecciw KOTOpbix cnoco6cTByer pa3BHTHK) 
Tex hjih hhsix 3a6ojieBaHHH hjih HapymaeT npouecc Hapa6oTKH Heo6xoAHMoro npojryKTa. 

10 YpOBeHI, TeXHHKH 

H3BecTHM paaHbie cnoco6w H3MeHeHH* reHCTHHecKHx cbohctb opraHH3Ma. Oahh 
H3 hhx npeanoJiaraiOT noBpeameHHe caMoro reHa. K hx qnaiy othochtch Tan 
Ha3UBaeMUH "HOKayr" reHOB. 3th noaxoiibi npejmojiaraiOT BHeceHHe noBpeameHHH 
(MyrauHH) b Bbi6paHHOM repe b KJieTKax 3aponbiii]eBoro nyrn hjih b ctbojiobux icneTKax h 

15 no3TOMy aaJieKO He Bcenia Moryr HcnoJib30BaTbc* zui* H3MeHeHH* cbohctb pa3BHBiueroca 
opraHH3Ma [L.V. Varga, S. Toth, I. Novak, A. Falus, Immunol. Lett., 1999, vol. 69, p. 217; 
J. Osada, N. Maeda, Methods Mol. Biol., 1998, vol.110, p. 79]. 

B nocjieflHHe roztbi Bbi3biBaer noBbirueHHbiH HHTepec npyroH nonxozi k K3MeHeHHio 
reHeTHHecKHx cbohctb opramnMa - HcnoJib30BaHHe PHK-HHTep{})epeHUHH, npHBo;wiueH k 

20 reH-cneuH<J)HHecKOMy caiuieHCHHiy, npn kotopom reH He noBpeamaeTca, a H3MeHHeroi 
ero peryjwiuu [M.K. Montgomery, A. Fire, Trends in Genetics, 1998, vol.14, p. 255; P. 
Sharp, Genes & Development, 1999, vol.13, p.139]. PHK-HHTep^epeHUHH MoaceT 
Hcnonb30Ba*n>ca iuia reH-cneuH<|)HHecKoro caHJieHCHHra Ha jno6bix CTajmax pa3BHTHA, b 
tom HHCJie h juisi H3MeHeHHH cbohctb B3pocJioro opraHH3Ma. noBbimeHHoe BHHMaHHe K 

25 HccjieaoBarowM PHK-HHTep<j)epeHUHH CBjrcaHO c TeM, hto ohh no3BOJiHJin oiynaHHO 
o6HapyacHTb paHee HeH3BecTHbie upeBHHe MexaHH3Mbi reHHOH peryjiauHH. 

OH3HOJ10rHHeCKa5! pOJIb 3THX MexaHH3MOB MO)KeT 3aKJlK)HaTbCH B H3MeHeHHH B JIOKaJlbHblX 

crpyKTypax xpomocom, bo bjihahhh Ha aKTHBHocTb TpaHCKpnnuHH, Ha npoueccHHr mPHK, 
ee TpaHcnopT b UHTormasMy h Ha ee cTa6HJibHocrb. 
30 K HacTonmeMy BpeMeHH PHK-HHTepcj)epeHUHH, npHBOiwmaa k reH- 

cneuHc})HMecKOMy canjieHCHHry, ormcaHa Ha pasjiHHHbix opraHH3Max - HeMaTOXie, 
iipo3o4>HJie, rpH6ax, pacTeHnax. 



WO 01/42443 PCTYRU00/00SO4 

2 

H3BecTen cnoco6 H3MeHeHHH reHerHMecKHX cbohctb opranH3Ma, ochobehhuh Ha 
PHK-HHTepcJjepeHUHH c HcnoJiwoBaHHeM mw 3toh uejm aHTHCMbicnoBOH PHK (acPHK), 
Koxopaa KOMnneMeHTapHa b aHTHnapajiJienbHOM HanpaBJiemiH mPHK BbiopaHHoro reHa, 
CHHTe3HpyeTCH in vitro h bbo/ihtch b opraHH3M [A. Fire, S-Q. Xu, M.K. Montgomery, S.V. 
5 Kostas, S.E. Driver, CC. Mello, Nature, 1998, vol. 391, p. 806]. 

OnucaHHbiH cnoco6 ocymecTBJMiOT cneflyromHM o6pa30M: 

1. Bbi6HpaiOT reH, aKTHBHOCTb KOToporo HeaceJiaTejibHa; 

2. ToTOBirr reHerHHecKyio kohctpvkuhk), b kotopoh aaHHbiH reH hjih 
cooTBeTCTByioiiiaK e\ry k#HK 

10 (nocJie^oBaTeJibHOCTb, cooTBercTByioiuaa mPHK), T.e. npHpoaHa* ,HHK, 
opneHTMpoBaHa b npoTHBonojioacHOM HanpaBJieHHH h Haxo/urrcH uojx KOHTponeM 
Hy^cHoro npOMOTopa. 3thm o6ecneHHBaeTCfl TpaHCKpHnuHH He3Ha4ameH uenw reHa. 
Rim nojryHeHH^ kohctpvkuhh Hcnonb3yiOT pa3Hoo6pa3Hbie Beicropbi, KOTopue Moryr 
coaepxcarb nocjieflOBaTeJibHocTH ^(HK, BaacHbie ceneicuHH TpaHC(j)opMaHTa, 

15 3(J)(J)eKTHBHOH 3fccnpeccHH nepeBepHVToro reHa h jxnn "npaBHJibHoro BriHCbiBaHH*" 
KOHcrrpyiaiHH b xpoMocoMHbie zioMeHbi; 

3. Ha noJiyneHHOH kohctpvkijhh in vitro CHHTe3HpyiOT h bbojutt b opraHH3M acPHK c 
noMOiubH) pa3Hbix MeroflOB (3/ieKTponopauHn, HHbeKUHH, per os). 

CymecTBeHHbiM He/iocTaTKOM 3Toro cnocoSa H3MeHeHHfl reHeinHecKHx cbohctb 
20 opraHH3Ma c noMombio PHK-HHTepcj)epeHUHH kbjmctch to, *rro npn Hcnonb30BaHHH 
KOHCTpyKUHH, npeAHa3HaHeHHbix juw CHHTe3a acPHK b pe3ynbTaTe nepecrpoeK MoaceT 
npoH30HTH pesepcHH, T.e. npeKpaTHTCfl SKcnpeccna acPHK h HaqHeTcs CHHTe3 
nocjieaoBaTejibHOCTH cooTBercTByiomeH uenH mPHK. T.e. BMecro nojaaBJieHH* 
aKTHBHOCTH Bbi6paHHoro reHa moecho nojryHHTb ero aKTHBHpoBaHHe. Chhtc3 uenH mPHK 
25 MOJKer Taicxce HaqaTbc* H3-3a Toro, <rro b Mecre HHcepuHH kohctpvkuhh Moryr oKajaTbcn 
nocjienoBaTeJibHocTH xo3*HHa, HMeiomHe npoMOTopHyio aKTHBHOCTb b uenH, 

COOTBeTCTByiOUieH UenH MPHK. BepOHTHOCTb T3KHX Co6bITHH BMCOKa. 

HaH6ojiee aeMOHCTpaTHBHO BbicoKaa BepoHTHOCTb peBepcHH noaTBepameHa 
pa6oTaMH c TpaHcre h h bi m h opraHH3MaMH. KoHcrpyKUHH npn stom BBo^HJiacb c 
30 npoTHBonojioacHOH uejibio * flo6HTbca 6ojibiijeH aKTHBHOCTH Kaxoro-JiH6o rena. 0;waK0, 
peBepcHH b pe3ynbTaTe cnoHraHnoro aKTHBHpoBaHiw TpaHCKpHniiHH c 
npoTHBono/iOMCHOH uenn npoBOiuuiH He k yBejiHHeHHK) aKTHBHOCTH reHa, a k nojiHOMy ee 
noaaBJieHHio, T.e. k reH-cneun(j)HHecKOMy caiineHCHHry b pe3y/ibTaTe PHK- 
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HHTep4>epeHUHH [MX Montgomery, A. Fire, Trends in Genetics, 1998, vol.l4 f p. 255; P. 
Sharp. Genes & Development, 1999, vol.13, p.139). 

CyiUHOCTb H306peTeHHH 

5 IlpeiinoHceH cnoco6 H3MeHeHH* reHeTHHecKHX cbohctb opraHH3Ma nyreM PHK- 

HHTep4)epeHUHH, npHBOzuuueH k reH-cneu.H<j)HHecKOMy cafijieHCHHry Bbi6paHHoro reHa c 
noMombw MoneKyji PHK, CHHre3HpOBaHHbix in vitro, BKJiiOHaiomHH Hcno/iwoBaHHe 
Moneicyji PHK, KOMiuieMeHTapHbix b napajuiejibHOM HanpaajieHHH (nKPHK) mPHK 
Bbi6paHHoro reHa, npn 3TOM nKPHK cHHTe3Hpyi0T in vivo hjih in vitro Ha hckvcctbchhoh 

10 nocjiejioBaTe^bHOCTH £HK, HMeiomeH 3epKaJibHO-cHMMeTpH4Hyto nocjiejiOBaiejibHOCTb 
HymieoTHAOB (3epKaJibHa^ KHBepciw) no othouichmk) k nocjieaoBaTenbHocTH 
HyioieoTHiioB reHa. 

□epeneHb <Jmryp 

15 (Dnr. 1 npHBOflHT aaHHue o crpyKType ^HK-kohctpvkuhh, co;iep>KaineH . 

3epKajibHyio noaneaoBaTejibHOCTb HVKJieomaoB OTHocHTejibHO reHa Ion £. coli h 
npe^Ha3HaMeHH0H mix 3KcnpeccHH nKPHK, r^e: 

a - B3aHMOOTHomeHHH nocjieflOBaTejibHocTefi HyicneoTH/jOB reHa Ion h 
hckvcctbchhoh xHMHHecKH CHHTe3HpOBaHHOH nocJie^oBaTejibHOCTH #HK, 3epicaJibHO- 
20 cHMMeTpHMHOH OTHocHTejibHO reHa (+ uenn cooTBeTCTByiOT nocjie;iOBaTe^bHOCT>!M 
nKPHK parlon h mPHK); CHHTe3HpOBaHHan JIHK b kohctpvkuhh HaxoflHTca noa 
KOHTpoJieM npoMOTopa lac, o6ecneqHBaioiUHM 3Kcnpeccnio nKPHK parlon; 
6 - B3aHMOOTHomeHRH Meamy mPHK rena Ion h nKPHK parlon; 
b - reHbi b lux-peryjiOHe: npoMOTopw pr h pi b lux-perynoHe pa6oTaiOT Ha pa3Hbix 
25 uerwx, reHbi noKa3aHbi cbctjiumh npHMoyro/ibH HKaMH ; Lon 6ejioK nerpaaHpyeT npoayicr 
reHa R, aKTHBHpyioinHH pi h, xeM caMUM, npenaTCTByeT pa6oTe reHOB, o6ecne4HBaioiUHX 

JHOMHHeCUeHUHK).. 

<DHr. 2 noKa3biBaeT pe3ynbTaTbi jnoMHHecueHUHH mieTOK E. coli, KOTopaa 
HaojiionaeTCH npH cailneHCHHre reHa lon b pe3ynbTaie 3KcnpeccHH (parlon), r^e: 
30 Lux-pery/ioH Vibrio fischeri 6bui BBeaeH b lon" hjih lon" icieTKH E. coli. B 

no/iyHeHHue lon* kjictkh flonoiiHHTejibHO nopo3Hb bbo/wjih xaioKe kohctpvkuhio, 
co3iiaHHyK) Ha ochobc BeKTopa pUC12, cnoco6Hyio aKcnpeccnpoBaTb nKPHK parlon hjih 
HcxoflHyw n/ia3MHfly pUC12, He co/aepwamyio BcrraBKH. noKa3aHa saBHCHMOcn, 
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HHTeHCHBHocTH JiioMHHecueHUHH cycneH3HH KJieTOK, onpeae/weMaa c noMoiui>io 
jiiOMHHOMeTpa (DV), ot onTwnecKOH ruioTHOCTH (OD550). CaiLneHCHHr reHa Ion BusuBaer 
cBeHeHHe TpaHctJjopMaHTOB, coflepacamHX KOHCTpyKUHK) parlon. 

(Dht. 3 npe^CTaBJi»eT naHHbie o CTpyrrype JlHK-KOHcrrpyKiurH, coAepacameH 
3epKajibHyio nocneflOBaTejibHOCTb HyKJieomaoB OTHOcHTeJibHO reHa Kruppel apo30(j)HJ]fci 
m npe^Ha3HaHeHHOH jxnsi sKcnpeccmi nicPHK (Kr-par), rue: 

a - B3aHMOOTHOiijeHHa nocjieflOBaTejibHocreH HyKJieomaoB reHa Kr h 
HCKyccTBeHHOH XHMHHecKH cHHTe3HpoBaHHOH nocjienoBaTejibHOCTH flHK, 3epKani>HO- 
CHMMerpirHHOH OTHOcHTeJibHO reHa (+ ueriH c ootb ercTByiOT nocneaoBaTejiLHOcraM 
nKPHK Kr-par h mPHK); cHHTesnpoBaHHaa flHK b KOHcrpyKUHH naxoAHTca noa 
KOHTponeM npoMOTopa PHK noiiHMepasu T7, o6ecne<mBaiowHM 3KcnpeccHK> hkPHK Kr- 
par (cHHTe3 no flpyroft uenH KOHCTpyKiiHH b Beiaope pGEM-1 o6ecne4HBaeTca 
npoMOTopoM PHK nojiHMepa3bi SP6); 

6 - B3aHMOOTHOiiieHHJi Mexjry mPHK reHa Kr h nKPHK Kr-par; 

Oht. 4 noKa3biBaer (JjeHOTHnw HopMajibHOH jihhhhkh apo30(}>HJibi h (J>eHOKonHH 
Kr, nojiyneKHbix nocne hht»ckuhh nKPHK Kr-par, rae: 

a - 4>eHOTHnu HopManbHOH jihhhhkh apo30<i>HJiLi, 

6 - (JjeHOTHnu jihhhhkh, pa3BHBiueHCH H3 3m6phohob, HKbeuHpOBaHHbix PHK Kr- 
par, HMeiomnx aeJieuHH TopaKajibHbix cerMeHTOB, a Taicxce OAHoro nepezwero 
a6AOMHHaiibHoro cerMeirra, 

b - (jieHOTHnbi jihhhhkh, pa3BHBmeHca H3 3m6phohob, HHT>euHpOBaHHbix PHK Kr- 
par, HMeiouiHx aejieuHH TopaieajibHtrx cerMeHTOB, a xaJOKe Tpex nepeaHHX 
a6noMHHaiibHbrx cerMeHTOB. 

CrpejiKa yKa3biBaeT a-roriHHecKH pa3BHBineeca /ibixaJiMie, TaKace xapaicrepHoe an* 

(JpeHOTHna Kr. 

PacKpbrrHe cymHocTH H306peTeHHfl 

B ocHOBy npeiuiaraeMoro H3o6peTeHH* nono>KeHa 3amana noBbiiueHH* Ha^e>KHOCTH 
PHK-HHTep(J)epeHUHH, npn KOTOpofi 6huih 6i>i hcbosmohchu peBepcHH, npHBO^fflUHe K 
CHHTe3y uenH mPHK Ha KOHcrpyKUHax, hcxo/jho npe;jHa3HaHeHHMx nm rtn- 
cneuH({)HqeKoro caitneHCHHra. 

npennoHceH cnoco6 hsmchchh* reHeTHMecxHX cbohctb opraHH3Ma nyreM PHK- 
HHTcp4>epeHUHH, npHBOiwmefi k reH-cneuH4>HHecKOMy caiuieHCHHry Bbi6paHHoro rena c 
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noMouibio MOJiejcyji PHK, CHHTe3HpoBaHHbix in vitro, npH 3tom Hcnojib3yK>T MOJieicyjibj 
PHK, KOMiuieMeHTapHbie b napa/uiejibHOM HanpaBJieHHH (iikPHK) mPHK Bbi6paHHoro 
reHa, KOTOpbie cHHTe3HpyK)T in vivo hjih in vitro m HCKyccTBeHHOH nocJiejiOBaTenbHOCTH 
/JHK, HMewmeH 3epKajibHO-CHMMerpHHHyio nocJieaoBaTeJibHOCTb HyiaieoTHaoB no 
5 oTHouieHHK) k nocnejiOBaTej]bHOCTH HyKJieonmoB reHa. 

ripemiaraeMbiH cnoco6 npHBOjiHT k s^ckthbhoh PHK-HHrep<J)epeHUHH h tch* 
cneuH(j)HHecKOMy caiLneHCHHry h HCKJiiOHaeT chhtc3 mPHK, t.k. b KOHcrpyKUHax 
HcnoJib3yercH HeroMOJiorHHHaa HcicyccTBeHHaa nocjieaoBaTejibHOCTb /JHK. 
IlpeflJTO>KeHHbiH cnoco6 ocyiuecTBJWioT cJieayioiUHM o6pa30M: 
10 I. Bbi6HpaioT reH, aKTHBHocrrb KOToporo HOKejiaTe/ibna (t.c OHa npwBojiHT k 
3a6oJieBaHHio hjih Hapyiuaer 6HOTexHOJiorHHecKHH npouecc); 

2. XHMHHeCKH CHHTe3HpyK)T HCKyCCTBCHHyK) nOCJiejIOBaTeJlbHOCTb ZIHK, HMeiomyK) 
3epxajibHoe nepenoBaHHe HyioieoTHflOB no othouichhio k Bbi6paHOMy reHy hjih ero 
Hacm; 

15 3. ToTOBirr reHCTHHecKyK) KOHCTpyKUHK), b kotopoh HcnoJib3yK>T pa3H0o6pa3Hbie 
Beicropbi, coiiepxcamHe CHHTe3HpOBaHHyio flHK noa HyacHbiM npoMOTopoM h jipyniMH 

nOCfleflOBaTCJIbHOCTHMH, BaHCHHMH JWl 3<{)(}>eKTHBHOH 3KcnpeccHH H JUI* 

"npaBHHbHoro Bnncbraamw" KOHCTpyiajHH b xpoMocoMHbie flOMeHbi; 
4. KoHCTpyKUHio TeM hjih HHbiM nyreM bbojwt b opraHH3M juia CHirre3a nicPHK in vivo 
20 (TpaHc<j>opMauHJi), jih6o mcPHK ch HTe3HpyK)T in vitro Ha KOHcrrpyKUHH h bbojwt b 

OpraHH3M C nOMOIUbK) HHbeKUHH. 

H3o6peTeHHe nojicHflerca KOHKpCTHbiMH npHMepaMH ocymecTBJieHH* cnoco6a 

H3MeH£HHA TeHeTHHeCKHX CBOHCTB OpraHH3Ma, B KOTOpblX 3TH H3MeHeHH« npOKBJlflK>TCa 

xaK H3MeHeHH5i (J>eHOTHna, h HJiJiiocTpHpyeTca 4 <j)HrypaMH. 

25 

CeezieHHH, noaTBepacnaioiiiHe BO3MOHCH0CTb 
ocymecTBJieHHH woGpererow 

ripHBejjeHHbie jiajiee npHMepu hbjihiotch npennoHTHrejjbHbiMH, npejiHa3HaHeHbj 
nnuib flJiH nojiTBepHcaeHH^ bo3mohchocth ocymecTBJieHHJi H3o6pereHHa h He AOJiHCHbi 
30 craTb ocHOBaHHeM ana orpanHneHHH o6*eMa npHTjnaHHH 3aflBHTeJiH. CneuHajiHcrr b 
naHHOH o6nacTH TexHHKH 6e3 Tpyay Hanger bo3mo>khocth hhux BonjiomeHHH 
H3o6peTeHHH, KOTopwe 6e3ycji0BH0 nonnajiaiOT noa npHTjnaHHJi 3aaBHTejm, OTpa^eHHbie 
b $opMyjie H3o6peTeHHH, npHBoanMOH hhjkc 
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flpHMep 1. PHK-HHTep())epeiiUHH b KJieTKax Escherichia coli c noMombro 
sMOJieKyji PHK, KOMiuieMeirrapHbix b napajuiejibiiOM HanpaBJiemiu mPHK rena Ion, 
CHHTe3HpoBaniibix in vivo. 

FeH Ion BuopaH b KanecTBe M(xae;iH, nocKOJibKy oh flBJwerca oahhm H3 
5 KJiKDHeBbix b peryjwuHH mhothx npoueccoB b miexKax E. coli. 

XHMHnecKH CHHTe3HpoBaHa HCKyccTBenHaji nocJieiiOBaTejibHOCTb £HK ajihhoh 95 
bp (bp - napa ochob2hhh b JIHK hjih PHK), HMeiomaa 3epKajibHO CHMMeTpHHHyio 
nocjienoBaTenbHOCTb HyKJieoTHiioB no OTHOiueHHio k cooTBercTByiomeH o6jiacTH reaa Ion. 
3ia J3HK Hcno/ib30BaHa rsir co3/jaHiui KOHCTpyiciiHH Ha ocHOBe BeKTOpa pUC12, b 
10 KOTopofi nojj KOHTpoiieM Iac-npoMOTopa Haxo/jHTca uenb, 3KcnpeccHpyK>maa nKPHK 
parion {<&ur. I a, 6). 

FIojiyHeHHaa KOHCTpyKUHH c noMOuibio TpaHC(jpopMauHH BBe/jeHa b KJierKH E. coli. 
3a BJiHAHHCM nKPHK parion Ha aKTHBHocrb 3naoreHHoro reHa Ion cjizuki 
no 3(J)(}>eKTy nocJieaHero Ha pa6oiy lux-peryjioHa, BHeceHHoro b kjictkh E. coli H3 kjictok 

15 Vibrio fische ri. „Lon-npoTea3a rbjiactch HeraTHBHbiM peryjurropoM lux-perynoHa, t.k. OHa 
cneuH(J)HMecKH aerpajjHpyeT 6eJiOK LuxR. IlocjieflHHH b KOMiuieKce c aBTOHHflyKTOpOM 
3anycKaeT chhtc3 6cjikob, o6ecneHHBaiomHx /noMHHecueHUHio. FIpoMOTopbi pr h pi b lux- 
perynoHe pa6oTaioT Ha pa3Hbix uerwx, reHbi noKa3anbi cBeTJibiMH npaMoyroJibHHKaMH 
(Oht. 1 b). Akthbho pa6oTaiouiHH reH Ion BbnbiBaer penpeccwio TpaHCKpHimHH lux- 

20 perynoHa, hto (J)eHoranHHecKH npoHBJiKeroi b noaaBJieHHH JiiOMHiiecueHUHH. HanpoTHB, 
cawneHCHHr reHa Ion npHBoxurr k yBeJinneHHio KOHijeHTpauHH LuxR h, cjie/jOBaTejibHo, k 
aKTHBaiiHH rpancKpHnuHH lux-perynoHa, mto npHBO/iHT k 3aMerHOMy ycuneHHio cBeweHHfl 
kjictok. Lux-peryjiOH b cocTase 16 kb BamHl (JjparMeHTa flHK Vibrio fischeri, 6bui 
BBe/ieH b lon + kjjctkh E. coli K12 ABU57, a raioKe b Ion' kjictkh E. coli K12 AB1899 

25 (lonl). 

B noJiyHeHHbie Ion* kjictkh HonoflHHTejibHo nopo3Hb bbojwt TaioKe KOHCTpyKitHio, 
co3iiaHHyK) Ha ocHOBe Beicropa pUC12, cnoco6Hyio 3KcnpeccHpoBaTb nKPHK parion hjih 
HCxo/jHyio nna3MH/4y pUC12, He co/aep>KaiuyK) BcraBKH. CaHJieHCHHr reHa Ion 
onpe/ienHiOT no B03pacTaHHio cBeneHHJi kjictok. HHTeHCHBHOCTb niOMHHecueHUHH kjictok, 
30 3KcnpeccHpyiomHx nKPHK parion B03pacTaeT Ha HecKOJibKO nopaaKOB no cpaBHeHHK) c 
KOHTponeM, coaepacameM Hcxojwyio njia3MH/ay pUC12 (cDnr. 2). 

ripn BbipamHBaHHH TpaHC({>opMaHTOB parion Ha TBepjibix cpeaax Ha6JHoaajiH 
pa3BHTHe "cronHcrbix" kojiohhh, mto xapaKTepHO juia Ion" 4>eHOTHna hjih caHJieHCHHra 



WO 01/42443 



PCT/RUOO/00504 



reHa Ion. 

IlpHMep 2. noJiyneHHe (J)eHOKonHii Kruppel (Kr) npii mrbeicmf nx b 3iu6pHOHM 
apo30<|)HJibi PHK, KOMnjieMeHTapHOH mPHK b napajuiejibHOM HanpaBJieHHH, 
CHHT63Hp0BaHH0H in vitro. 
5 Kr - roMeoTHnecKHH reH, skthbhwh yxce b 3HroTe h KOHTponnpyroiiaiH 

o6pa30BaHHe cerMeHTOB Ha panned 3M6pHOHajibHOH CTanHH pa3BHTH* jip030(()HJiiJ Bbi6paH 
b KanecTBe MonejiH, no3BOJunomeH Ha6jiKxaaTb paHHee pa3BHTHe b MHoroioieTOHHOM 
opraHH3Me. MyTaHTH Kr hmoot aeJieuHH npHJiencamnx TopaKanbHbix h nepeaHHx 
a6^0MHHajitHbix cerMeHTOB. OeHOTHninecKH dto 3aMCTHO cpa3y nocjie pa3BHTH* 
10 KyrHKyjihi h BbinynjiHBaHHa jihhhhok. MyraHThi Kr HMewT jjejieuHH TopaicaJibHbrx 
cerMeHTOB h ot OOToro «ao HecKOJibKHX a6flOMHHaJibHbix cerMeHTOB, a HHoraa TaioKe 
aTonHHecicn pa3BHBiiiHec;i flbixajibiia b nepezvHeH qacTH Tejia jihhhhkh [E. Weischaus, C. 
Nussiein-Volhard, H. Kiuding, Development, 1984, vol. 104, p. 172]. TaKHM o6pa30M f 
MyTaHTti Kruppel hmciot yHHKaJibHbiH 4>eHOTHn, npoHBJiHiomHHCH yace nepe3 cvtkh 

15 pa3BHTH^ 3M6pH0HOB flp030(|)HJIbI, HTO Vflo6HO flJW H3VHeHH* BJJHflHHa PHK Ha (J>eHOTHn. 

flonoJiHHTejibHhiM apryMeHTOM c nojib3y Bbi6opa naHHofi MO^eJiH 6bino to 
o 6cto KTe Jib ctb o , hto bjihxhhc HHbeKUHH aHTHCMbicjiOBOH PHK Kr 6bino npoBejxeHO paHee 
[U.B. Rosenberg, A. Preiss, E. Seifert, H. Jackie, D.C. Knippe, Nature, 1985, vol. 313, p. 
703]. 

20 XHMHHeCKH CHHTe3HpVK)T HCKVCCTBeHHVK) nOCJieflOBaTeJIbHOCTb ,TJHK /UIHHOH 160 

bp, HMeiomyio CHMMeTpHHHyio nocJieaoBaTejibHocTb HyicneoTimoB no o6jiacTH reHa Kr 
(Our. 3 a, 6). Cnezryer nofl^epKHyrb, hto aHTHCMbicjiOBbie PHK CHHTeaHpyiOT Ha 
He3HaHameH uerw Toro *e caworo rena, Tonia kbk nKPHK Moaxer 6brrb cHHTe3Hp0BaHa 
TonbKO Ha reTepojiorHHHOH nocJieaoBaTeJibHOCTH £HK, HMeioineH 3epicajibHO- 
25 CHMMerpHHHoe HepcaoBamie. 

CHHTe3HpOBaHHVK> ,TJHK HCnOJlb3VK)T AJW nOJlVHeHH* KOHCTpVKUMH B BdCTOpe 

pGEM-1, no3BOJiHK>mHM c npoMOTopa PHK nojiHMepa3bi T7 bccth chhtc3 nicPHK. 
nKPHK 6buia Ha3BaHa Kr-par, t.k. 0Ha KOMiuieMeHTapHa mPHK reHa Kr b napajuiejibHOM 
HanpaBJieHHH. 

30 3m6phohw jihhhh Oregon RC HHieuHpyioT npenapaTaMH nicPHK b oGjiacn, 

rmajMbi 3ajmero nojuoca Ha crraAHH chhuhthh h hhkv6hpvk)t non boaoh npH 25°C b 
TeneHHe 18-24 Macoa. 3aTeM totobht npenapaTbi KyTHicyjibi h Ha6jno/jaiOT pa3BHTHe 

CerMeHTOB JIH4HH0K nOH <j)a3OB0-KOHTpaCTHblM MHKpOCKOnOM. 
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06Hapy>KeH0 pa3BHTne jikmhhok hmcioiuhx xapaKTepHUH Kr-(j)eHOTHn. B 
KOHTponbHLix 3KcnepHMeHTax, nocne hhbckuhh PHK, c h HTe3 npo B3H ho h Ha 
npoTHBonoiiO)KHOH uenH toh ace kohctpvkuhh c noMombW SP6 PHK nojiHMepa3bi, 

Ha6jIK)iiaiOT TOJlbKO pa3BHTHe HOpMaJIbHblX /IHHHHOK. 

5 <Dhi\ 4 npeiiCTaBJweT HopMajibHyio JiHHHHKy (a), a TaKace ABe jihhhhkh, 

noJiyneHKbie nowe HHbCKiiHH npenapaTa Kr-par (6, b). riocjieiiHHe hmciot neneuHH 
TopaKajibHbix cerMeHTOB h oflHoro hjih ipex 6pioiiiHbix cerMeHTOB h 3KTonHHecKH 
pa3BHToe iiuxajibue b nepexweH HacTH Tejia jihhhhkh, mto xapaicrepHO win (j)eHOTHna Kj. 
HacTOTa noHBneHK* <J)eHOKonHH Kr noc;ie HHbeiojHH PHK Kr-par npHMepHO 
10 cooTBeTCTByeT TaKOBOH nocne HHbeiojHH cooTBeTCTBywmeH acPHK [U.B. Rosenberg, A. 
Preiss, E. Seifert, H. Jackie, D.C. Knippe, Nature, 1985, vol. 313, p. 703]. IIoKa3aHO, mto b 
MHoroKJieTOHHOM opraHH3Me, B03fleHCTByfl nKPHK Ha 3KcnpeccHK) KJHoneBoro reHa 
iUnJxJjepeHUHpoBKH, nojiynaiOT HanpaBJieHHoe H3MeHeHHe reHexHMecKHx cbohctb 
opraHH3Ma. 

15 TaxHM o6pa30M, o6HapyaceHO BjimiHHe 3epKajibHbix HHBepcHH HyioieomnHbix . 

nocjiejiOBaTejibHOCTeH, TeM hjih hhmm nyreM BBcaeHHbix b opraHH3M, Ha ero <J)eHOTHn. 
OcHOBHoe npeHMyiuecTBO npejyiaraeMoro cnoco6a coctoht b tom, tto 3epKajibHbie 
nocjieiiOBaTenbHOCTH cnoco6Hbi o6ecne*nm> CHHTe3 nicPHK h PHK-HHTep(j)epeHUHK>, ho, 
6yflyHn reTepojiorHHHbiMH nocne>aoBaTejibHocT«MH, He Moryr cHmre3Hp0BaTb 

20 cooTBeTCTByiomyK) mPHK. riosTOMy npH Hcnojib30BaHHH 3Toro nojaxoiia 
("nanHHiipowHbiH noaxoif ), b qtjihhhc ot TpaiiHUHOHHoro cnoco6a, Hcnojib3yewero 
acPHK ("aHTHCMbicJiOBOH noiixofl"), He MoaceT npoH30HTH peBepcna h HanaTbca chhtc3 
uenH mPHK. 

H3o6pereHHeM npeanoKeH o6iuhh nonxon k H3MeHeHHK) reneTHMecKHx cbohctb 

25 OpraHH3Ma, OCHOBaHHUH Ha 6H0JI0rHHeCKHX CBOHCTBaX 3epKaJlbHbIX HHBepCHH 

HVKneoTHUHbix nocraeiiOBaTejibHOCTeH h peanH3yioiHHHCfl b PHK-HHTep4)epeHiuiH, 
npHBOiwmeH k reH-cneuH<|>HHecKOMy caitneHCHHiy. ripeiuiaraeMbiH cnoco6, ocHOBaHHbiH 

Ha o6Hapy)KeHHOH BUCOKOH H H36npaTeJIbH0H 6HOJIOrHHeCKOH aKTHBHOCTH TpaHCKpHIITOB 
C 3epKaJIbHbIX HHBepCHH HyiOieOTHOTWX nOCJiejlOBaTeJlbHOCTeH, npHBOilHT K H3MeHeHHK) 

30 (J)eHOTHna h Moacer 6biTb Hcno/ib30BaH smn ueneS reHOTepanHH b MeflHUHHe, a rajoKe b 
cenbCKOM xo3KHCTBe h b npoMHUJJieHHOH 6HOTexHOJiorKH jxnn reH-cneuH<J)HqecKoro 
cafiiieHCHHra iex reHOB, 3Kcnpeccna KOTopwx cnoco6cTByeT pa3BHTHK> Tex hjih hhbix 
3a6oneBaHHH mm HapyiuaeT npouecc Hapa6oTKH Heo6xo,nHMoro npoayxTa. 
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OOPWYJIA H30EPETEHKH 
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Cnoco6 H3MeHeHRH reHeTHHecKMX cbohctb opraHH3Ma n>reM PHK- 
HHTep<J)epeHUHH, npmojxaweu k reH-cneumJwHecKOMy caHJieHCHHiy Bbi6paHHoro reHa c 
noMombK) MOJieicyji PHK, cHHTe3HpOBaHHbix in vitro, oTJWHaioiiiHHCfl tcm, hto 
Hcnonb3yK)T MOJieicyjihi PHK, KOMiuieMeHTapHbie b napajinejibHOM HanpaBJieHHH (nKPHK) 
mPHK Bbi6paHHoro rena, npH 3T0M mcPHK CHHTC3HpyK)T in vivo hjih in vitro m 
h cicy ccTBe h ho h nocjie^OBaTeJibHOCTH flHK, HMeiomea 3epKajibHO-CHMMeTpHHHyio 
nocjie^OBaTejibHOCTb wyKJieoTHflOB (3epKaJibHan HHBepcmi) no othouichhio k 
nocjieflOBaTeJibHOCTH HyKJieomaoB reHa. 
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HCKyccreeHHaH nocneflosaTenbHOCTb 

«■ 5'ACAGT...TAC...ACGCG 3' 
3TGTCA.. ATG...TGCGC 5' 



reH 




5'...GCGCA...CAT...TGACA... 3' 
3'...CGCGT...GTA..ACTGT... 5' + 



parlon, 95 bp 
ACAGU...UAC..ACGCG 



mPHK, 2.4 kb 
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OCt> CMMMeTpMM 



ncKyccreeHHan noaienoBarenbHocrb 

+ 5'TTTTA...TAC...AGTCG 3" 
3'AAAAT...ATG...TCAGC 5' 



5\..GCTGA...CAT...ATTTT... 3' 
3 , ...CGACT...GTA...TAAAA... 5' + 




Kr-par, 160 bp 
UUUUA...UAC...AGUCG 



m PHK, 2.5 kb 



5' 



4 3' 



AAAAT...AUG...TCAGC 



<t>nr. 3 
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